INTRODUCTION
Polyester resins have been employed for pleasure boat construction since the 1950's. However, in recent years concerns over volatile emissions during fabrication have resulted in new environmental legislation on styrene emissions and resin suppliers have proposed new formulations:
• Low styrene content.
• Low styrene emission resins • Mixed resins, combining low styrene content and emission. Previous study on unaged resins [1, 2] showed the importance of the matrix in the events leading to failure of glass/polyester composites.
The aim of the present presentation is to complete the study of the behaviour of low styrene resins by presenting a study of their ageing behaviour. Resins have been subjected to immersion in sea water for 9 months. Weight gain due to diffusion and the change in mechanical properties have been studied using conventional mechanical tests. Nanoindentation is used on resin samples in order to examine whether this technique can provide additional information on the mechanisms involved in aging.
MATERIALS AND EXPERIMENTAL METHODS
Three commercial resins have been studied, supplied by the three main suppliers to the French boatbuilding industry: a standard orthophthalic polyester (SO), a low styrene content DCPD (dicyclopentadiene) orthophthalic polyester (LS), and a vinylester (SV). The low styrene polyesters are commonly used in pleasure boat construction. In this study, the cure cycle enables a state to be reached which is close to that encountered in industrial parts, but does not result in complete cure [1] .
Directly after curing both resins and composites were placed in continuously circulating natural sea water containers heated to 40°C for up to 9 months. Weight gain was followed by periodic weighing. An Instron 4302 test machine was used to perform tensile tests. The glass transition temperatures (Tg) were measured by dynamic mechanical analysis (DMA). Nanoindentation tests were performed on resin samples using an MTS XP machine and a Berkovitch indenter. The test is dynamic stiffness measurement controlled.
RESULTATS and DISCUSSION

Macro properties
The two polyesters show similar behaviour, close to Fickian though a stable saturation plateau is not reached. The vinylester shows a different behaviour with much lower weight gain.
The
60%). After aging for 9 months similar increases in Tg and storage modulus are noted for the 2 polyesters. This evolution of cure makes the interpretation of the results more difficult but the drop in strain to failure is very large and cannot be explained solely by higher cross-linking. There is also a degradation of the resins. It should also be noted that in service boat structures made with these resins will continue to cure, and temperatures of 40°C are not extreme.
Nano properties
The tests described above are traditionally used to study this type of material and provide a global indication of properties. In order to examine how properties evolve on a local level nanoindentation was used. The first observation is that the modulus is not uniform through the specimen thickness. This is the case for all aging periods. The modulus is lower at the specimen edges and reaches a maximum at the specimen centre. Tangent δ shows the opposite trend, being highest at the edges and lowest in the centre. This is noted for all three resins but the kinetics of the changes during aging varies with resin type. Figure 1 shows the profiles of E and tangent δ for the standard polyester. It is important to note that nanoindentation and tensile tests do not measure exactly the same properties. While the trends in tensile test modulus and nanoindentation modulus appear similar for the standard materials SV and SO, which have mainly evolved due to post-curing, the low styrene resin results are contradictory. This will be discussed in more detail.
CONCLUSION
In this study resin properties and the influence of aging in seawater have been examined at both the macroscopic and microscopic scale. This has shown that the macroscopic behaviour of low styrene resins is very similar to that of standard orthophthalic polyesters (same weight gain and property evolution). However, brittle initially, the low styrene grades are even more brittle after aging. Nanoindentation has revealed the heterogeneity of these materials and provides additional information on the complex changes which occur when post-cuing and degradation occur simultaneously.
